Supplementary Note 1. Shape anisotropy coefficient δN
The demagnetization coefficient is the ratio of the magnetostatic energy increase when the magnet considered is uniformly magnetized along arbitrary directions. In cartesian coordinate system, the coefficients Nx, Ny and Nz satisfy + + = 1.
When z axis is along the film normal direction and the magnet is isotropic in the film plane, i.e., circular shape, x and y axes are equivalent and thus
Since the magnetic anisotropy is defined as the difference in energy density between the states where magnetization aligns in the perpendicular and in-plane direction, shape anisotropy coefficient δN is given by
To analytically calculate the demagnetization coefficients of the recording layer with a cylindrical shape, we approximate it by a spheroidal single-domain nanomagnet with an aspect ratio = / .
Then, the demagnetization coefficient is known to be given by the following equations for two cases:
The calculated N from Supplementary Equations 3, 4, and 5 is shown in Supplementary Figure   1a 
RA of our MTJs is determined from the fitting to be 4.5 ± 0.5 Ω μm 2 , with the depth of electrically dead region (D0/2) to be 2.5 ± 0.7 nm. Supplementary Note 4. Switching probability measurement using pulse magnetic field
Supplementary
In order to quantify the thermal stability factor Δ of nano MTJs, switching probability measurement is carried out using pulse magnetic field with its duration τ of 1 s. The probability of magnetization reversal based on the Stoner-Wohlfarth model under an application of magnetic field is described as 
where subscript P(AP) designates the magnetization switching from parallel (anti-parallel) to antiparallel (parallel). τ0 is the inverse of attempt frequency assumed to be 1 ns, Hshift is the shift field and HK eff is the effective magnetic anisotropy field. Supplementary Figures 5a and 5b show the R-H loop and the switching probability as a function of the amplitude of magnetic-field pulse for
